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Abstract: -This paper describes the thermal conductivity can be enhanced by addition of Nano particle. Thermal 
conductivity is one property which plays an important role in increasing the heat transfer rate. When a Nano size particle 
mixed with base fluid then increase in thermal conductivity, and also increase the cooling efficient fluid flow in 
pipes.Nanofluid is a novel type of fluid. The current study aims at numerical investigations of heat transfer in pipe using 
nanofluids. The present study also aims increasing thermal conductivity by mixing nanoparticle with base fluid and thus 
increases the heat transfer rate. The study also proposed for more efficient heat transfer rate by varying material, particle 
size, and volume fraction. The objective of the project was to develop a CFD simulation model for a tube and analyse the 
heat transfer enhancement in a tube with Nano fluid. The purpose of the work was to analyse the heat transfer enhancement 
with different particle concentration and Reynolds number. 
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I. INTRODUCTION  

 
Nanofluid is the suspension of nanoparticles in a base 
fluid. Nanofluids are a relatively new class of fluids 
which consist of a base fluid with Nano-sized 
particles (1–100 nm) suspended within them. These 
particles are generally a metal or metal oxide. Some 
typical Nanofluids are ethylene glycol based copper 
Nanofluids and water based copper oxide nanofluids. 
Nanofluids are promising fluids for heat transfer 
enhancement due to high thermal conductivity. 
Experimental studies are discussed in terms of the 
effects of some parameters such as particle volume 
fraction, particle size, and temperature on the thermal 
conductivity of nanofluids. The term ‘Nanofluid’ 
refers to a two-phase mixture usually composed of a 
continuous liquid phase and dispersed nanoparticles 
in suspension (i.e. extremely fine metallic particles of 
size below 50 nm). Several nanoparticle dispersions 
of engineering interest are readily available from 
various commercially sources [1]. It has been known 
that nanofluid thermal conductivities are interestingly 
well higher than those of base fluids [2-3] 
Nanofluid has more heat transfer surface between 
particles and fluids due to high specific surface area. 
It has got reduced pumping power because of reduced 
clogging compared to conventional slurries. 
Nanofluid also has high dispersion stability with 
predominant Brownian motion of particles. 
Nanotechnology is being used many applications 
targeted to provide more efficient energy supplies. 
Nanofluids can be used for a wide variety of 
industries, ranging from transportation to energy 
production, boiler exhaust flue gas recovery, nuclear 
systems cooling and in electronics systems like 
microprocessors, micro-electro-mechanical systems 

(MEMS), cooling of electronics, and in the field of 
biotechnology. 
 
II. LITERATURE REVIEW  
 
This topic present the brief summary of the literature 
relevant to the problem consider in this work. 
Beginning with the earliest reported study on 
microchannel, to the current study, this chapter 
explains the scope of the present work. 
Choi and Eastman [15] invented a method and 
apparatus for enhancing heat transfer in fluids such as 
deionized water, ethylene glycol and oil by dispersing 
nanocrystalline particles of substances such as 
copper, copper oxide, aluminum oxide in the fluids. 
Nanocrystalline particles are produced and dispersed 
in the fluid by heating the substance to be dispersed 
in a vacuum while passing a thin film of the fluid 
near the heated substance. 
Zhang and Lockwood [16] invented a fluid media 
such as oil or water and a selected effective amount 
of carbon as oil or water and a selected effective 
amount of carbon nanomaterials necessary to enhance 
the thermal conductivity of the fluid. One of the 
preferred carbon materials is a high thermal 
conductivity graphite, exceeding that of the neat fluid 
to be dispersed therein in thermal conductivity, and 
ground, milled, or naturally prepared with mean 
particle size less than 500 nm, and preferably less 
than 200 nm, and most preferly less than 100nm. The 
graphite is dispersed in the fluid by one or more of 
various methods, including ultrasonication, milling, 
and chemical dispersion. Carbon nanotubes with 
graphitic structure are another preferred. The thermal 
conductivity enhancement, compared to the fluid 
without carbon material, is proportional to the amount 
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of carbon nanomaterials (carbon nanotubes and /or 
graphite) added. 
Egawa and Tsujii [17] invented a heat of metal 
and/or metal oxide particles andhigh in the thermal 
conductivity characterized by comprising water 
and/or alcohol as themain component, and (a) one 
kind or two or more kinds selected from metal and or/ 
metaloxide particles having an average particle 
diameter of from 0.001 to 0.1 μm, (b) one kind ortwo 
or more kinds selected from polycarboxylic acids 
and/or salts thereof, and (c) at leastone kind of a 
metal corrosion inhibitor. The heat transfer medium 
liquid composition that can be used as a coolant for 
an internal-combustion engine, a motor and the like, a 
heat transfer medium for a hot water supply, heating, 
cooling and freezing system, or a heat transfer 
medium for a snow melting system, road heating and 
the like. 
Davidson and Bradshaw [18] invented heat transfer 
compositions and methods for using same to transfer 
heat between a heat source and a heat sink in a 
transformer, and in particular to the utilization of 
nano-particle size conductive material powers such as 
nano-particle size diamond powders to enhance the 
thermal capacity and thermal conductivity of heat 
transfer compositions such as transformer oil. The 
thermal conductivity was greatly improved with same 
volume fraction nanoparticle addition. 
Dongsheng Yulong Ding, this paper reports an 
experimental work on the convective heat transfer of 
nanofluids, made of Al2O3 nanoparticles and de-
ionized water, flowing through a copper tube in the 
laminar flow regime. The results showed 
considerable enhancement of convective heat transfer 
using the nanofluids. It was also shown that the heat 
transfer behavior of nanofluids. Possible reasons for 
the enhancement were discussed. Migration of 
nanoparticle, and the resulting disturbance of the 
boundary layer. 
Wu and Cheng an experimental investigation has 
been performed on the laminar convective heat 
transfer and pressure drop of water in silicon 
microchannels. It is found that the values of Nusselt 
number depend greatly on different geometric 
parameters. The experimental results also show that 
the Nusselt number increases almost linearly with the 
Reynolds number at low Reynolds numbers (Re < 
100), but increases slowly at a Reynolds number 
greater than 100. Finally, an evaluation of heat flux 
per pumping power and per temperature difference is 
given for the microchannels used in this experiment. 
 
III. METHODOLOGY  
 
In all of these approaches the same basic procedure is 
followed.  
1) During pre-processing  

 The geometry (physical bounds) of the 
problem is defined.  

 The volume occupied by the fluid is divided 
into discrete cells (the mesh). The mesh may 
be uniform or non-uniform.  

 The physical modeling is defined - for 
example, the equations of motions 
+Enthalpy + radiation + species 
conservation  

 Boundary conditions are defined. This 
involves specifying the fluid behavior and 
properties at the boundaries of the problem. 
For transient problems, the initial conditions 
are also defined.  

2) The simulation is started and the equations are 
solved iteratively as a steady-state or transient.  
3) Finally a postprocessor is used for the analysis and 
visualization of the resulting solution 
 
3.1 Modeling Setup and Governing Equations  
The first step in completing a CFD analysis of a 
system is to set up the governing equations. The 
equations involved are the continuity equation, the 
momentum equation, and the energy equation. The 
momentum and energy equations are, respectively 

휌
퐷푢⃑
퐷푡 = −∇푝 + 휌푔⃑ + 휇∇ 푢⃑ 

휌
퐷푢⃑
퐷푡 =

휕
휕푥 푘

휕푇
휕푥 +

휕
휕푦 푘

휕푇
휕푦 +

휕
휕푧 푘

휕푇
휕푧

+ 푢
휕푝
휕푥 + 푣

휕푝
휕푦 +푤

휕푝
휕푧 + 휇∅ 

 
Where g is the body force vector, ∂i = cp∂T+(∂p/p) is 
the specific enthalpy, and p is pressure. For the 
specific case of heated flow through porous channel, 
the above equations can be further simplified. 
Assuming steady flow, constant properties, no body 
forces, only axial pressure variation, no viscous 
dissipation, and no axial heat conduction (valid for 
RePr > 100), the governing equations for heated flow 
through a rectangular porous channel are continuity  

Continuity ( ) 0div u
x





 


 

X-Momentum
( ) ( ) ( ) M x

u pdiv uu div gradu S
x x


 
 

    
 

 

Y-Momentum
( ) ( ) ( ) M y

v pd iv v u d iv g r a d v S
y y


 
 

    
 

 

Z-Momentum
( ) ( ) ( ) M z

w pdiv w u div gradw S
z z


 
 

    
 

 

Energy
( ) ( ) ( ) i

i div iu pdivu div kgradT S
t





      


 

Equation of State p = p(ρ, T) and i = i(ρ, T)           
e.g. perfect gas p = ρRT and i = CvT   
 
Given the complexity of these equations, 
computational methods of solving them are required. 
All of these equations are coupled, so a 
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computational code must be used to solve equations 
simultaneously. For this analysis, the commercial 
code FLUENT was used to solve these equations. 
However, a good approximation of the fluid flow and 
heat transfer in the porous channel can be made by 
breaking the problem up into a model of the inlet 
plenum and a model of a channel. The outlet plenum 
is not necessary to model since the channel merely 
outlets directly to it. 
 
3.2 Discretization methods  
The stability of the chosen discretization is generally 
established numerically rather than analytically as 
with simple linear problems. Special care must also 
be taken to ensure that the discretization handles 
discontinuous solutions gracefully. The Euler 
equations and Navier-Stokes equations both admit 
shocks, and contact surfaces.  
 
Some of the discretization methods being used are:  
 
1. Finite volume method (FVM). This is the 
"classical" or standard approach used most often in 
commercial software and research codes. The 
governing equations are solved on discrete control 
volumes. FVM recasts the PDE's (Partial Differential 
Equations) of the N-S equation in the conservative 
form and then discretize this equation. This 
integration approach yields a method that is 
inherently conservative (i.e. quantities such as density 
remain physically meaningful)[citation needed]: 

휕
휕푡 푄. 푑푉 + 퐅 ⋅ 푑퐀 = 0 

Where Q is the vector of conserved variables, F is the 
vector of fluxes (see Euler equations or Navier-
Stokes equations), V is the cell volume, and A is the 
cell surface area. 
 
2. Finite element method (FEM). This method is 
popular for structural analysis of solids, but is also 
applicable to fluids. The FEM formulation requires, 
however, special care to ensure a conservative 
solution. The FEM formulation has been adapted for 
use with the Navier-Stokes equations.In this method, 
a weighted residual equation is formed: 

푅푖 = 푊푖푄.푑푉 

where Ri is the equation residual at an element vertex 
i , Q is the conservation equation expressed on an 
element basis, Wi is the weight factor and Veis the 
volume of the element. 
 
3. Finite Difference Method (FDM). This method 
has historical importance and is simple to program. It 
is currently only used in few specialized codes. 
Modern finite difference codes make use of an 
embedded boundary for handling complex geometries 
making these codes highly efficient and 
accurate.Other ways to handle geometries are using 

overlapping-gr ids, where the solution is interpolated 
across each grid.  

휕푄
휕푡 +

휕퐹
휕푥 +

휕퐺
휕푦 +

휕퐻
휕푧 = 0 

Where Q is the vector of conserved variables, and F, 
G, and H are the fluxes in the x,y, and z directions 
respectively. 
 
IV. DESCRIPTIONS OF THE PROBLEM AND 
GEOMETRY  
 
A tube of length 1.2 m and diameter of 4.75mm was 
spotted in our simulation .This geometry is crated in 
the ICEM CFD and meshing is also done in ICEM. 
This geometry is now imported in the FLUENT 
where it is analysed for the flow of water and Al2O3 
Nano fluid particle size of 45 nm for different 
Reynolds number and this is validated from the 
reference paper. In this research, the convective heat 
transfer in the developed region of the tube flow 
containing water and CUO nanofluid under constant 
heat flux was simulated using the Computational 
Fluid Dynamics (CFD) tools. CUO nanoparticles 
with two average diameters of 20 nm and 50 nm were 
dispersed in water. The nanofluids with three 
different CUO nanoparticle concentrations (1.0%, 
2.0% and3% volume fraction) were used. Constant 
heat flux (8846.4 W/m2) as boundary condition at the 
pipe wall was applied. Effects of nanoparticle size 
and their concentrations on the convective heat 
transfer coefficient were also investigated. 
 

 
 

Figure 4.1 Geometry of pipe 
 

 
 

Figure.4.2Meshing of smooth pipe 
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V. VALIDATION OF CFD MODEL  
 
Validation of CFD models is often required to assess 
the accuracy of the computational model. Validation 
is achieved by comparing CFD results with available 
experimental, theoretical or analytical data. 
 
VALIDATION OF PIPE 
The geometry created by ANSYS ICEM. In ICEM, 
Then mesh generation process is done. For mesh 
generation in smooth pipe hexa meshing is used. 
 

 
 

Figure 5.1. O-grid hexa meshing of smooth pipe 
 

 
 

Figure 5.2 Iterative solution of smooth pipe for Re = 700 with 
convergence 

 

 
 

Figure 5.3 shows the iterative solution of smooth pipe for Re = 
700 with convergence 

 
풙 푫⁄  

Figure 5.4 comparison of heat transfer coefficient at different 
axial position 

 
VI. CFD RESULTS AND ANALYSIS 
 
Numerical simulation was carried out in different 
Reynolds number particle concentration (1% and 2%, 
particle size (20nm, 50nm) and local heat transfer 
coefficient are calculating by using the following 
equation, 
Coefficient of heat transfer: 
 
 
 

 
Water Cuo (20nm) Cuo (50nm) 

k = 0.6 w/mk k = 28.9w/mk k = 18w/mk 
ρ = 
998.2kg/m3 

ρ = 6310 
kg/m3 

ρ = 
6510kg/m3 

cp= 4182j/kgk cp= 550.5 
j/kgk cp= 540 j/kgk 

Table 1. Thermo physical property of water and nanofluid 
 
CFD analyses at different Reynolds number 
particle size and particle concentration 
 
1. For plain water at Reynold No 700 
 

 
 

Figure 6.1 Temperature contour for plain water 
 

풉풙 =
풒

(푻푾(풙)− 푻풇(풙)) 
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2. Plain water for Reynold No.900 

 
Figure 6.2 Temperature contours for pipe at Re 900 

 
3. For plain water at Reynolds no of 1300 

 
Figure 6.3 Temperature profile for plain water 

 
4. For plain water at Reynolds no.1500  

 
Figure 6.4 Temperature profile for plain water 

 
5. For plain water at Re no.1700 

 
Figure 6.5 Temperature profile for plain water Temperature 

profile for nanofluid particle size 20nm 2% volume 
concentration 

 
 

Figure 6.6 Temperature contour for nanofluid (Re700) 
 

 
 

Figure 6.7 Temperature contour for nanofluid (Re900) 
 

 
 

Figure 6.8 Temperature contour for nanofluid (Re1100) 
 

 
 

Figure 6.9 Temperature contour for nanofluid (Re1300) 
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Figure 6.16 Temperature contour for nanofluid (Re1500) 
 

 
 

Figure 6.17 Temperature contour for nanofluid (Re1700) 
 

VII. RESULTS AND DISCUSSION  
 
The local heat transfer coefficient was calculated by 
following equation 

풉풙 =
풒

(푻푾(풙)− 푻풇(풙)) 

 
Figure 7.1 shows, heat transfer coefficient in the tube 
versus Reynolds No. for various concentrations of 
nano-particles (with diameters of 20nm). According 
to these figures, heat transfer coefficients increased 
by increasing the volume fraction and Reynolds No. 
and heat transfer coefficient (hnf) at 3% 
concentration is 9.09% higher than heat transfer 
coefficient (hw) of the plain water at Reynolds 
Numbers 1700. 
 

 
 

Figure 7.1 Heat transfer coefficient versus Reynolds No. for the 
nanofluid with particle size of 20nm. 

 

Figure 7.2 show heat transfer coefficients (h) in the 
tube versus velocity at particle concentrations of 3% 
for both particle sizes. As shown in these figures, heat 
transfer coefficients increased by increasing velocity 
and decreasing particle diameter. Furthermore, the 
nanofluid with average particle size of 20 nm showed 
the 1.67% higher heat transfer coefficient at 3% 
volume concentration than 50nm particle size of Cuo 
 

 
Figure 7.2 Effect of particle size on the heat transfer coefficient 

with different Reynolds No. 
 

CONCLUSIONS AND SCOPE OF FUTURE 
WORK  
 
It observed that the heat transfer coefficient in the 
pipe flow containing Cuo-water nanofluid is analyzed 
under the constant heat flux and it is simulated using 
CFD. It is observed that both nanofluids (with 20 and 
50 nm particles size) showed higher heat transfer 
characteristics than that of the base fluid (water). 
Furthermore, the heat transfer coefficient of nanofluid 
with 20 nm particles size is increased 9.09% to heat 
transfer coefficient of the plain water and also 
nanofluid with 20nm particle size shows 1.67 higher 
heat transfer coefficient than 50nm particle size. The 
average heat transfer coefficient increased by 
increasing the particle concentration and flow rate. 
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